The Great Recession was associated with historically large losses in households' wealth and labor earnings. Using a computational life cycle model, this paper assesses how Social Security affects the welfare of different types of individuals during the most recent recession. Overall, we find that Social Security reduces the average welfare losses for agents alive at the time of the Great Recession by the equivalent of 1.4% of expected future lifetime consumption. Zooming in on the effect of the program for particular groups, we show that although the program mitigates some of the welfare losses for most agents, it is particularly effective at mitigating the losses for agents who are poorer and or older at the time of the shock. Although Social Security reduces the welfare losses from the Great Recession, consistent with previous studies, we find that it substantially lowers average welfare in the steady state. Therefore, we quantify the tradeoff between reducing average welfare in the steady state and mitigating welfare losses during business cycle episodes in a smaller, means-tested program, in the spirit of Supplemental Security Income. We find that this smaller more progressive program can provide a significant fraction of the mitigating effect, while causing much less reduction in average steady state welfare. JEL: E21, D91, H55
Introduction
Designed in part to alleviate old age poverty in the wake of the Great Depression, Social Security aims to provide inter-and intra-generational consumption insurance for older-age individuals.
1 However, the insurance is not without costs: retirement benefits and payroll taxes distort agent's labor and savings decisions. Generally, previous studies found that the economic costs of the distortions dominate in the long run, leading Social Security to be on average welfare reducing in the steady state.
2 Despite this well documented result, little is known about the welfare implications of Social Security for agents of different ages, incomes, wealth and abilities, especially at times of large adverse swings in economic activity. These periods are of particular interest because the need for the insurance, as well as the effects of the distortions, may be amplified. Moreover, the change in these effects may not be uniform across all agents. To help fill this gap, and motivated by the historically large losses in household wealth and income during the Great Recession, this paper examines the role that Social Security plays in mitigating or exacerbating the welfare consequences of large and broad-based shocks to wealth and unemployment for agents of different ages and economic backgrounds.
The paper documents two salient features of the Great Recession: a sudden, large and broad-based decline in household wealth, and persistent increases in the rate and duration of by approximately 20 percent. Moreover, the percent wealth losses were relatively larger for households who were relatively younger and older at the time of the shocks. Second, using the Current Population Survey (CPS) micro data, we document that the Recession was associated with large increases in the unemployment rate and average duration of unemployment spells, with the increases being particularly large for younger and less educated households.
These empirical facts motivate our choice to model the Great Recession as one-time unex-1 In addition to insuring old age consumption, Social Security provides disability insurance. This paper abstracts from the disability insurance aspect of the program and focus only on the part of the program that insures post-retirement consumption.
2 One exception is Imrohoroglu et al. (2003) who show that if preferences are time-inconsistent, then the benefits of Social Security may outweigh the costs.
pected age-dependent depreciation shocks to household wealth, combined with increases in the likelihood and duration of unemployment spells that, similar to the data, persist over numerous years.
Next, we quantify Social Security's role in mitigating or exacerbating the adverse effects of the Great Recession using a computational experiment conducted in four main steps.
First, we build a benchmark Aiyagari-Bewley-Huggett-Imrohoroglu overlapping generations (OLG) life cycle model that is augmented to include both idiosyncratic productivity and unemployment risks, endogenous labor supply, endogenous retirement decision, and a realistically modeled U.S. Social Security program. Second, we build a counterfactual economy that excludes the Social Security program. Third, in each model, we calculate the welfare lost (relative to their respective steady states) due to the exogenous wealth and unemployment shocks for agents alive at time of the shocks. Finally, in the spirit of differences-in-differences (DiD) estimation, we calculate the difference in welfare losses due to the shocks between the two economies for agents of varying ages, wealth, income and abilities. Comparing the welfare losses due to the wealth and unemployment shocks between the two economies identifies the role that Social Security plays in either mitigating or exacerbating the adverse effects of these shocks for agents of different ages and economic backgrounds.
Before examining the effect of Social Security on the welfare implications of the Great Recession, it is useful to revisit the welfare effects of the program in the steady state absent the wealth and unemployment shocks. Social Security increases welfare primarily by providing both inter-and intra-generational insurance. Conversely, the program reduces welfare by distorting agents' labor and savings decisions. In particular, the payroll tax makes it harder for younger and low-wage agents to earn enough after-tax income to both smooth consumption over their lifetime and to accumulate precautionary savings. Additionally, the program "crowds-out" private savings, thereby reducing the stock of aggregate capital available for production.
3 Similar to previous studies, we find that the economic costs of these distortions outweigh the insurance benefits in the steady state. We estimate that the program reduces ex-ante welfare by the equivalent of 12.9 percent of expected lifetime consumption (CEV).
Moreover, through a combination of partial and general equilibrium analysis, we find that approximately one half of the estimated welfare reduction in the steady state arises from the direct distortionary effects of Social Security on agents' labor and savings decisions while the remainder is accounted for by the general equilibrium effects of these distortions.
Turning to the average effects of the program during the Great Recession, we find that, on balance, Social Security mitigates a notable portion of the welfare losses induced by the wealth and unemployment shocks. In particular, we find that Social Security reduces the average welfare losses for agents alive at the time of the shock by the equivalent of 1.4 percent of expected future lifetime consumption. On average, Social Security mitigates some of the welfare losses due to the Great Recession primarily because it reduces the exposure of agents to the wealth shock. In the counterfactual model without Social Security, agents are completely exposed to this shock because all of their post-retirement consumption is financed with private savings. In contrast, in the benchmark economy agents are less vulnerable to this shock because their post-retirement consumption is partially financed with Social Security benefits which, unlike private savings, are unaffected by the shock.
Zooming in on the implications of Social Security on the welfare losses due to the Great Recession for agents of different ages, we find that Social Security is particularly effective at mitigating the welfare losses for agents who are older at the time of the shock. Older agents who are still working at the time of the shock have less to rebuild their wealth by increasing their labor supply prior to retirement, leading them to be more vulnerable to the shocks. This effect is enhanced even further for agents who are retired at the time of the shock and cannot offset any of the losses by working more. Therefore, the insurance from Social Security is more valuable for these agents. Moreover, due to the presence of increasing mortality risk, Social Security benefits comprise a growing portion of consumption for these retired agents as they age. 4 Therefore, the Social Security benefits play an increasingly important role providing insurance for older agents during the Great Recession.
In contrast, we find that Social Security slightly exacerbates the welfare losses caused by the shocks for agents who are younger at time of the shock. The negligibly larger welfare losses for these younger agents arise from the presence of the payroll tax that is particularly distortionary during the economic downturn when incomes are depressed, budget constraints are tighter and unemployment risk rises.
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Slicing the welfare effects by wealth, income and ability, we find that Social Security mitigates welfare losses due the Recession somewhat more for agents with lower lifetime incomes, wealth and abilities because Social Security makes up a relatively larger portion of their post-retirement consumption. 6 Moreover, we do not find any specific age, income, wealth or ability group for which Social Security substantially exacerbates the welfare consequences of the Great Recession.
The ability of Social Security to mitigate welfare losses for some of the most vulnerable demographic groups during this type of a business cycle episode, without significantly exacerbating the welfare consequences of the shock for other agents, indicates that this program is particularly effective at providing insurance against these episodes. Nevertheless, welfare losses attributed to the program in the steady state are large. Therefore, we explore the ability of a scaled down program, with a potentially lower steady state welfare cost, to mitigate the welfare losses due to the Great Recession. In particular, we examine a counterfactual program (in the spirit of the Supplemental Security Income (SSI) program) that provides a smaller benefit than Social Security and is means-tested. Although we find that this smaller-scale program only mitigates the equivalent of 0.7 percent of expected future lifetime consumption for agents alive at the time of the shock (relative to 1.4 percent for the Social Security), the ex-ante welfare costs in the steady state are significantly reduced (1.2 versus 12.9 percent CEV).
Our work is related to three strands of the literature. The first strand focuses on the welfare consequences of the Great Recession. Most closely related to our work, Glover et al. (2012) and Hur (2013) who use a calibrated OLG model to quantify how welfare costs of severe recessions, such as the Great Recession, are distributed across different age groups.
This paper advances this research agenda by not just focusing on the welfare effects of the 5 Higher unemployment risk increases the need for precautionary savings and further tightens budgets of agents who experience an unemployment spell.
6 This finding is particularly interesting since the program has been associated with a large reduction in elderly poverty rates over the last century (see Engelhardt and Gruber (2004) ).
shock but also by exploring how effective the Social Security program is at mitigating these effects across different cohorts.
The second strand tries to measure the long-run implications on welfare of a Social Security program. These works weigh the expected relative benefit to newborns from providing partial insurance against expected future risks for which no market option exists against the welfare costs of distorting these individuals incentives to work and save. Among these studies, a large body of literature focuses on quantifying the benefit of providing intra-generational insurance for idiosyncratic earnings and mortality risks (see, for example, Auerbach and Kotlikoff (1987) , Hubbard and Judd (1987) , Hubbard (1988) , Imrohoroglu et al. (1995) , Fuster et al. (2007) , Storesletten et al. (1998) , and Hong and Rìos-Rull (2007) ). 7 Other research has explored the role of Social Security in insuring inter-generational risk (i.e., insuring aggregate business cycle risk across generations). In particular, Krueger and Kubler (2006) examine the welfare implications of Social Security in a two-period economy with aggregate (but not idiosyncratic) risk. The authors find that in expectation the benefit from the inter-generational insurance is generally smaller than the adverse effects of capital crowd-out. Harenberg and Ludwig (2015) examine the potential interaction of both types of risk (idiosyncratic as well as aggregate) in a model with a simplified Social Security program and find that this interaction can significantly enhance the role for insurance from Social Security, leading the insurance benefit to outweigh the adverse effects of capital crowd-out in the long-run. Similar to all these papers, we aim to examine the welfare consequences of the current Social Security program. However, our study is different in that it examines the distribution of the welfare effects of Social Security over the transitional period after a large shock, as opposed to focusing on the expected long-run welfare effects of the program.
The final strand of the literature examines the effect on the economy of reforming the current Social Security program. Examples of these studies include: Conesa and Krueger (1999) , Huggett and Ventura (1999) , Huggett and Parra (2010) , Olovsson (2010) , Imrohoroglu and Kitao (2012) , and Kitao (2012) . Amongst these papers, Olovsson (2010) ex-7 These studies generally find that the intra-generational insurance benefit from Social Security is more than offset by the programs economic costs. One exception is Imrohoroglu et al. (2003) , which find that if preferences are time-inconsistent, the benefits of Social Security outweigh the costs. For a theoretical discussion of the different types of risks that Social Security can provide insurance against see Shiller (1998) .
amines the welfare gains of a Social Security program that efficiently shares aggregate risks between generations. The author finds that although agents would prefer to be born into these more efficient programs, the welfare costs during the transition outweigh the benefits for living agents. In the spirit of Olovsson (2010) , we solve and document the welfare effects on all the living individuals during a transitional period. However, instead of exploring the dynamics along the transitional path after a reform to the Social Security program, this paper studies how the economy evolves during a particular business cycle episode. This paper is organized as follows: Section 2 introduces the computational model. Section 3 describes the functional forms and calibration parameters. Section 4 discusses the empirical data surrounding wealth and earnings shocks during the Great Recession and how we introduce them into the model, while Section 5 reports the results of the computational experiment. Section 6 concludes.
Model
Our framework is an Aiyagari-Bewley-Huggett-Imrohoroglu economy with overlapping generations of heterogenous agents, augmented to include unemployment risk and a stylized U.S. Social Security program. Agents derive utility from consumption and leisure. Agents supply labor elastically and receive an idiosyncratic uninsurable stream of earnings that is governed by their labor decisions, productivity and unemployment shocks, and the dynamics of the market efficiency wage. Idiosyncratic productivity and unemployment shocks can be partially insured through precautionary holdings of a single asset in the economy and through labor supply decisions. Retired agents receive retirement benefits payments from a PAYGO Social Security system that is funded through income taxation of working-age individuals. Social Security payments provide another margin of consumption insurance for older agents. An important feature of this model is that agents choose the age at which they retire, taking into consideration realistic features of the U.S. Social Security program such as progressive benefit payments that are tied to an agent's past earnings history, early retirement penalties, and delayed retirement credits.
Demographics, Endowments, Preferences, and Unemployment
We assume time is discrete and the model is annual. In each period, the economy is populated by J overlapping generations of individuals of ages j = 20, 21, ..., J, with J being the maximum possible age an agent can live. The size of each new cohort grows at a constant rate n. Lifetime length is uncertain with mortality risk rising over the lifetime. The conditional survival probability from age j to age j + 1 is denoted Ψ j where Ψ J = 0. Annuity markets do not exists to insure life-span uncertainty and agents are assumed to have no bequest motive.
In the spirit of Conesa et al. (2009) , accidental bequests, which arise from the presence of mortality risk, are distributed equally amongst the living in the form of transfers T r.
Agents work until they choose to retire at an endogenously determined age j = R ≥ R, where R is the minimum retirement.
8 The endogenous retirement decision, I = {0, 1}, is irreversible, with I = 1 indicating that an agent chooses to retire this period. Consequently, the state indicator variable I = 1 denotes an agent who has already retired in a previous period. 9 Endogenous retirement is an important extension of many existing models used to study the Social Security program.
Each period an agent is endowed with one unit of time. D defines the fraction of the time endowment in each period that the agent is exogenously unemployed. Thus, (1 − D)
thus represents the remaining time allocation that can be apportioned to leisure or market work, with h denoting the fraction of this time spent providing labor market services. An agent's labor earnings are thus given by y = wωh(1 − D), where w represents a wage rate per efficiency unit of labor and ω is the idiosyncratic labor productivity which follows:
In this specification, based on the estimates in Kaplan (2012) from the Panel Study of Income Dynamics (PSID), θ j governs age-specific human capital (or the average age-profile of wages)
and is consistent for all agents of the same age. Moreover, the rest of the income process is 8 Prior to R, agents can decide not to participate in the labor market by setting their labor hours to zero. However, such agents are not eligible for Social Security payments.
9 Cahill et al. (2011) demonstrate that few people who retire re-enter the labor force. Furthermore, Coile and Levine (2006) find that the boom and bust cycle of the stock market in 2001 did not have a statistically significant effect on the rate of re-entry of retirees back into the labor force.
idiosyncratic and gives rise to within cohort heterogeneity. Specifically, α ∼ N ID(0, σ 2 α ) is an individual-specific fixed effect (or ability) that is observed at birth and stays fixed for an agent over the life cycle, ∼ N ID(0, σ 2 ) is a transitory shock to productivity received every period, and ν is a persistent shock, also received each period, which follows a first-order autoregressive process ν = ρν + ψ with ψ ∼ N ID(0, σ 2 ν ) and ν = 0 during an agents first period in the economy. Additionally, the exogenous unemployment shock, D, is discretized to two values:
with a probability p U (α, j), both being a function of an agent's ability α and age j. 10 When the unemployment spell hits, the worker loses the option to work during D = d(α, j) fraction of their one-unit time endowment and receives an unemployment insurance benefit with a replacement rate ι.
Following Kaplan (2012) , an agent's preferences over the stream of consumption, c, and supplied labor, h, over the life cycle are governed by a time-separable utility function:
where β is the discount factor. Expectations are taken with respect to the life-span uncertainty, the idiosyncratic labor productivity process, and the unemployment process.
Technology and Market Structure
Firms are perfectly competitive with constant returns to scale production technology. Aggregate technology is represented by a Cobb-Douglas production function of the form Y =
, where K, N , and ζ are aggregate capital, aggregate labor (measured in efficiency units), and the capital share of output. Capital depreciates at the rate δ ∈ (0, 1).
The firms rent capital and hire labor from agents in competitive markets, where factor prices r and w are equated to their marginal productivity. The aggregate resource constraint is:
where, in addition to the above described variables, C and G represent aggregate individual and government consumption, respectively.
The markets are incomplete and agents cannot fully insure against the idiosyncratic labor productivity, unemployment, and mortality risks by trading state-contingent assets.
However, they can partially self-insure against these risks by accumulating savings, a, earning a market return r. We assume that agents enter the economy with no assets and are not allowed to borrow against future income, so that a 0 = 0 and a ≥ 0 for all other j.
Government Policy
The government partakes in four activities. First, the government distributes accidental bequests of the deceased agents in a form of lump-sum transfers, T r, to the living. Imrohoroglu et al. (1995) , the government consumption, G, is exogenously determined. Moreover, it is modeled as proportional to the total output in the steady state economy, so that G = φY . The government uses income tax revenue to finance its spending in the unproductive sector and on unemployment benefits. Moreover, the government taxes each individual's taxable income according to a progressive income tax schedule. The taxable income, T (ỹ), is defined as:
where, consistent with U.S. tax law, the part of the pre-tax labor income (y) that is from the employer's contributions to Social Security (0.5τ ss min{y, y}) is not taxable.
Social Security
We model the Social Security system to mimic the U.S. system. In the U.S., Social Security benefits for retired workers are based on each worker's average level of earnings calculated over the highest 35 years of earnings. 12 A baseline benefit formula is then applied to each worker's average level of labor earnings to calculate the pre-adjustment Social Security benefit. 13 The benefit formula is designed to ensure that the Social Security system is progressive, with the replacement rate being inversely related to past earnings. In particular, the marginal replacement rate changes when earnings reach two different bend points which jointly determine the degree of progressivity of the Social Security benefits. The third (implicit) bend point is the cutoff on Social Security benefits and contributions. The cutoff limits not only the annual amount of earnings subject to payroll taxation but also the maximum earnings used to calculate the Social Security benefits. Finally, the Social Security system makes various adjustments to the baseline benefit amount depending on the retirement age, such as permanent percentage reductions for early retirement and permanent percentage credits for retirement past the normal retirement age (NRA).
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To model these features of the U.S. Social Security system, we proceed in three steps.
First, following Huggett and Parra (2010) and Kitao (2012) , we calculate the model analog of each worker's average level of labor earnings over the working life cycle. At every age, the total accumulated earnings follow the law of motion:
where x j is the accounting variable capturing the equally-weighted average of earnings before 12 These earnings are expressed as workers' average indexed monthly earnings (AIME). 13 The monthly Social Security benefit is called primary insurance amount (PIA). Once annualized, the PIA corresponds to the model baseline retirement benefit b ss base . In general, the PIA is the benefit a person would receive if she elects to begin receiving retirement benefits at her normal retirement age (NRA).
14 Under the current law, the age at which a worker becomes eligible for full Social Security retirement benefits-the NRA-depends on the worker's year of birth. For people born before 1938, the NRA is 65. For slightly younger workers, it increases by two months per birth year, reaching 66 for people born in 1943. The NRA remains at 66 for workers born between 1944 and 1954 and then begins to increase in two-month increments again, reaching 67 for workers born in 1960 or later.
the retirement age R; and y is the maximum allowable level of labor earnings subject to the Social Security tax that corresponds to the benefit-contribution cap. To infuse an additional degree of realism while maintaining the model's tractability, we follow Kitao (2012) and introduce a rule to ensure that the total accumulated labor earnings, x j , cannot fall below their previously realized level, x j−1 , after 35 working periods.
15 Moreover, since agents are not allowed to work during their retirement, which is assumed to be an absorbing state, x j becomes constant at j = R.
Second, the pre-adjustment Social Security benefit, b ss base , for each retiree is calculated using a convex, piecewise-linear function of average past earnings observed at retirement age, x R , so that the marginal benefit rate varies over three levels of taxable income:
where {b 1 , b 2 , b 3 = y} are the two bend points plus the benefit-contribution cut-off point, and where τ r1 , τ r2 , τ r3 represent the marginal replacement rates in the progressive Social Security payment schedule associated with the respective bend points.
Third, adjustments for early and late retirement are calculated. In the U.S., workers can begin receiving permanently reduced monthly retirement benefits after reaching the minimum retirement age, R.
16 The size of the reduction varies with the months out of labor force between the time at which the worker retired and the NRA. 17 Conversely, when an individual retires after reaching the NRA, the Social Security benefit payments are increased by a fixed permanent proportion for every year spent working between the NRA and the maximum retirement age, R, for which the credit is available.
18 As a result, the total Social 15 Computing the Social Security benefit over the highest 35 years of earnings would render the model intractable, as it would require tracking each period's earnings as part of the model's state space.
16 In the U.S., the minimum retirement age at which Social Security benefits become available is set at 62. In the data, more than two-thirds of the workers began receiving Social Security retirement benefits before their normal retirement age. Source: Social Security Administration, Annual Statistical Supplement, 2000, p. 240.
17 A benefit is reduced 5/9 of one percent for each month before normal retirement age, up to 36 months. If the number of months exceeds 36, then the benefit is further reduced 5/12 of one percent per month.
18 The delayed benefit retirement credit varies with year of birth, but currently is 2/3 of 1 percent of the benefit for every month delayed (or 8 percent annualized) for individuals born after 1942. No credit is given Security benefit b ss obtained by the retiree is defined as:
where n = (N RA − R) represents the years of early (delayed) retirement over which the penalty (credit) is accrued; and where κ 1 (n) and κ 2 (n) represent functions of yearly rates for early (delayed) retirement penalty (credit), respectively.
Dynamic Programming Problem
An agent who is yet to retire (I = 0) and is indexed by type (a t , x t , α, t , ν t , j, D, I = 0) solves the dynamic program:
subject to
by choosing consumption, c, savings, a , time spent working, h, and whether to retire, I ∈ {0, 1}. The accounting variable x, the average lifetime labor earnings as of age j, follows the law of motion specified in equation 5. Agents earn interest income r(T r + a) on the lump-sum transfer, T r, from accidental bequests and on asset holdings from the previous period, a. y represents the pre-tax labor income of the working agents and is described in Section 2.1.ỹ defines the taxable income on which the income tax, T , is paid, and follows the process in equation 4. D is the state variable for the fraction of the period an agent is exogenously unemployed, while b ui represents the exogenously determined unemployment benefits. Finally, τ ss is the Social Security tax rate that is applied to the pre-tax labor income, y, up to an allowable taxable maximum, y.
after age 69. See Pingle (2006) for more details.
Retiring agents receive a constant stream of Social Security payments, b ss , whose size is determined by the level of the average life cycle labor earnings observed at the retirement period, x R , and the age they choose to retire. As in the U.S. system, agents of age j < R are not eligible for Social Security benefits and, as such, are not allowed the decision to permanently retire. 19 For tractability, agents are forced into a mandatory retirement after reaching age R.
The dynamic programming problem of already retired agents (I = 1) simplifies because these agents are no longer affected by labor productivity shocks since they do not work. As such, retired agents indexed by type (a t , x R , j, I = 1) solves the dynamic program:
by choosing consumption, c, and savings, a . These agents no longer choose h or I.
Equilibrium
We define a stationary steady state competitive equilibrium as a collection of agents' policy functions, which are functions of the vector of states Ξ, such that decision rules are optimal, budgets are balanced, market clear, and the distribution µ(Ξ) is stationary. A formal definition of the equilibrium is presented in Appendix A.1.
Calibration
The model is calibrated in two stages. First, values are assigned to parameters that can be determined from the data without the need to solve the model. Second, the remaining parameters are estimated by simulated method of moments (SMM), matching key moments of the U.S. cross-sectional and aggregate data. The parameters are summarized in Table 15 19 Instead, agents can decide not to participate in the labor market prior to reaching the minimum retirement age j = R by choosing zero labor hours (i.e., h = 0). 
Demographics, Endowments, Unemployment, and Preferences
There are 80 overlapping generations of individuals of ages j = 20, ..., 100. We follow Conesa et al. (2009) and Kitao (2012) in setting population growth rate, n, to 1.1 percent to match the yearly population growth in the U.S. economy. The conditional survival probabilities, Ψ j , are derived from the U.S. life tables (Bell and Miller (2002) ).
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Following Huggett and Parra (2010) , the process for the idiosyncratic labor productivity, ω, is calibrated based on the estimates from the PSID data in Kaplan (2012) .
21 The deterministic labor productivity profile, exp θ j , is shown in Figure 1 . The profile is (i) smoothed by fitting a quadratic function in age, (ii) normalized such that the value equals unity when an agent enters the economy, and (iii) extended to cover ages 20 through 69 which we define as the last period in which agents are assumed to be able to participate in the labor activities (R). 22 The permanent, persistent, and transitory idiosyncratic shocks to individual's productivity are distributed normal with a mean of zero. The remaining parameters are also set in accordance with the estimates in Kaplan (2012) : ρ = 0.958, σ 2 α = 0.065, σ 2 ν = 0.017 and σ 2 = 0.081. We discretize all three of the shocks in order to solve the model, representing the transitory shock with two states, the permanent shock with two states, and the persistent shock with five states. For expositional convenience, we refer to the two different states of 20 For maximum age j = J, we assume the probability of survival is zero. 21 For details on estimation of this process, see Appendix E in Kaplan (2012) . 22 The estimates in Kaplan (2012) are available for ages 25-65. Note: Based on the March Supplement CPS data. α proxies for attained education in the CPS calculations. Duration is expressed as the percent of the period that an agent spends unemployed.
the permanent shock as high and low ability types.
The unemployment shock, D, which represents the fraction of a given period which an agent is unemployed, is discretized to take on two values so that
and its arrival probability, Following Kaplan (2012) , household preferences are modeled as:
with the binary indicator I = 1 denoting whether an agent is retired in the current period.
To parameterize the deep preference parameters γ, σ, and ξ, we adopt PSID estimates in Kaplan (2012) and set the risk aversion coefficient, γ, and the Frisch labor supply elasticity on the intensive margin, σ, to 2.2 and 0.41, respectively. 23 The parameter ξ-also estimated in Kaplan (2012)-determines how much utility from leisure an agent receives during unemployment spells. In particular, when ξ = 1 then an agent derives leisure from the entire unemployment spell. Moreover, when ξ < 1 then at most, only a part of an unemployment spell is equivalent to leisure. Consistent with estimates in Kaplan (2012) , we set ξ = 0, meaning that no leisure is derived from the part of the period and agent is unemployed.
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The remaining parameters that are calibrated endogenously to match external data moments. In particular, the scaling constant χ 1 is calibrated such that, on average, agents work 23 All preference parameters are based on Column 3 in 
Social Security
For simplicity, we set the NRA at 66, irrespective of the calendar year in which an agent was born. Following the current U.S. Social Security system, the minimum retirement age, R, is set at 62, while the maximum age over which delayed retirement credits can be accrued, R, is set at 69. As discussed above, it is assumed that at age 70 no agent in the economy works. The early retirement penalty parameters, κ 1 and κ 2 , are set at the values in the U.S. Social Security system, 6.7 percent (κ 1a ) for the first three years of early retirement and at 5 percent (κ 1b ) for years four and five. The delayed retirement credit, κ 2 , is set at 
Technology and Market Structure
We assume the aggregate production function is Cobb-Douglas. The capital share parameter, ζ, is set at .36. The depreciation rate is set to target the observed investment-to-output ratio of 0.26.
25 Including a fixed utility cost of working non-zero hours (or, alternatively, including a non-linear mapping between hours and productivity) is a standard modeling approach in macro labor literature in order to produce an active extensive margin with reasonable utility parameters; for further discussion, see Rogerson and Wallenius (2013) . An example of something that this utility cost proxies for are the resources used to commute to work. We expand on this treatment by assuming that the utility cost is also incurred by non-retired agents who do not work. Examples consistent with these costs include the resources used to keep work skills up to date or to apply for jobs.
26 See Annual Statistical Supplement to the Social Security Bulletin, 2007, 5a.pdf.
Government
We set the government spending in the unproductive sector to 17 percent of GDP in the steady state (φ = 0.17). We follow a host of literature (two examples include Conesa et al.
(2009) and Imrohoroglu and Kitao (2012) ) and use the three parameter tax function from Gouveia and Strauss (1994) to capture the progressivity of the U.S. income tax function:
In this tax function, Υ 0 primarily controls the average tax rate, Υ 1 primarily controls the progressivity of the tax policy, and Υ 2 is a scaling factor. We use the estimates from Gouveia and Strauss (1994) for Υ 0 and Υ 1 , and calibrate Υ 2 such that, in the steady state, the income tax revenue equals government spending. Finally, the Social Security tax, τ ss , is determined so that the steady state Social Security program is balanced budget.
The Great Recession

General Modeling Approach
The Great Recession was the largest business cycle episode since the Great Depression.
De Nardi et al. (2011) document that households responded to this severe business cycle episode with significant reductions in consumption. Moreover, in a stylized model, the authors demonstrate that two channels can account for the majority of the large changes in consumption. In particular, their simple model can reproduce the decline in aggregate consumption over the Great Recession by incorporating observed declines in household wealth and decreases in expected future income. Motivated by these findings, we incorporate the Great Recession through shocks that affect households' net worth and future earnings dynamics.
There are two general approaches to incorporating fluctuations in households' wealth and future earnings. First, one can incorporate these dynamics through a depreciation shock to capital, paired with an increase in the likelihood and persistence of the unemployment shocks. Alternatively, these dynamics can be incorporated through a TFP shock, along with the unemployment shocks. 27 Depending on the size of the relative shocks, both of these approaches can create similar aggregate wealth and earnings dynamics. One advantage to the former approach is that it is flexible enough to allow one to tractably incorporate both the overall magnitude as well as the heterogeneity of the wealth losses across different groups of agents consistent with the Great Recession. In contrast, since the TFP shock must be incorporated at the aggregate level it is less flexible in this regard.
28 Given this paper's interest in the heterogeneous nature of the Social Security's welfare effects, we choose the first approach. Importantly, while this approach allows us to exogenously match the size and distribution of wealth losses, the earnings dynamics are generated endogenously through a combination of exogenous unemployment shocks and the endogenous dynamics of hours and wages. Given the significant role of expected income changes in De Nardi et al. (2011) , it will be important that our model's labor earnings dynamics resemble that of the data; we will discuss the fit in Section 5.2.
More specifically, we model the Great Recession as one-time unexpected heterogeneous depreciation shocks to household wealth, combined with increases in both the likelihood and duration of unemployment spells that persist for several years following the onset of the Great Recession. After the initial surprise, the evolution of aggregates as well as the increased likelihood and duration of unemployment spells are perfectly known and therefore there is no additional aggregate uncertainty during the perfect-foresight transition back to the steady state.
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27 Besides these different approaches to inducing the wealth and earning declines in the economy, there are two different mechanisms through which these losses can be transmitted: prices or quantities. While many of existing studies-as our paper-adopt a transmission through quantities, incorporating a TFP shock in an environment with a fixed amount of capital would lead to prices (rather than quantities) being the main transmission mechanism. Examples of papers using different combinations of depreciation and TFP shocks, as well as transmission mechanisms include: Olovsson (2010), Krueger and Kubler (2006) , Glover et al. (2012 ), Hur (2013 .
28 One way to introduce this type of heterogeneity with a TFP shock is to incorporate more than one asset into the model. However, solving the transition path of an annual model with several asset classes that were an integral part of the Great Recession (i.e., housing, as well as safe and risky financial assets), while maintaining a realistic Social Security system with benefits tied to past earnings, endogenous retirement, and endogenous labor, is computationally prohibitive. Thus, introducing an age-dependent depreciation shock allows us to fit, in a reduced way, fluctuations in household net worth associated with the Great Recession.
29 However, idiosyncratic uncertainty still exists. For example, while agents are aware that the likelihood of realizing an unemployment spell has increased, they do not know if they will realize one or not. Although we model the shocks as unexpected, we do not take the stance that after the Great Moderation economists or the general public thought the business cycle was over.
Instead, we consider this assumptions consistent with a general belief that severe shocks, 30 For examples of popular press reports, see "Housing Prices Always Rise" in the Washington Post's series on the worst ideas of the decade published on December 17th, 2009, by Greg Ip. The author notes that, prior to the Great Recession, generally both homeowners and investors were operating under the belief that home prices would never fall. such as the one associated with the Great Recession, were outside the feasible set. We find that only household age is a statistically significant predictor of the size of the wealth losses in our sample at a 5 percent level. Thus, we model the wealth losses over the Great Recession as age-dependent. In particular, we fit the age profile of wealth losses (blue cross 32 Another interpretation of our assumption is that households were not generally holding savings in order to buffer against large catastrophic shocks. Instead, their precautionary savings were primarily held to buffer against mild business cycle fluctuations and idiosyncratic earnings fluctuations. 33 We exclude households with zero or negative net worth in 2007 in this calculation. This restriction excludes about 8 percent of the weighted sample in the SCF. marks) in Figure 2 with a second order polynomial (solid black line) and use these values to determine the size of the wealth shock for agents at any given age.
Next, we examine how unemployment changed over the Great Recession in order to calibrate the unemployment shocks. The Great Recession is associated with a large increase in unemployment and an extension of the average unemployment duration. The U.S. unemployment rate roughly doubled from 5 to 10 percent between March 2006 and March 2010.
34 Table 3 depicts the average unemployment rates and duration by age and education in both 2005 -2006 and 2009 The table documents that both the level and the magnitude of the increase in the unemployment rate vary by age and education. In particular, young, low-education individuals experienced the highest odds of unemployment in the pre-Recession data and also observed the largest percentage point increase in unemployment rates during the Great Recession. In contrast, the increases in the average unemployment duration were relatively constant by age and education. The average unemployment duration in a given year increased by roughly 7 weeks across ages and education groups. Table 4 describes the changes in the probability and duration of being unemployed that we incorporate in the model along the perfect-foresight transitional path. The 2008 increases in the unemployment rate and duration by age and ability groups are calculated as percentage point deviations from their respective pre-crisis benchmark levels. After 2012, we project the deviations using the contour of the CBO long-term unemployment rate projections (see Mancheste (2013) 
Results
Steady State Predictions
This section compares the benchmark and counterfactual economies in the steady state. Figure 3 depicts the life cycle profiles while Table 5 shows the aggregate variables in each economy. Consistent with previous studies, Social Security crowds out capital: the average savings profile (shown in Figure 3) as well as the level of aggregate capital K (shown in Table 5 ) are relatively higher in the counterfactual economy. 37 The lower K with Social Security, paired with the aggregate labor supply N that is roughly identical between the two economies, translates into a higher return to capital r and lower market wage w, which in turn affect the inter-temporal allocation of consumption and leisure. 38 In particular, as illustrated in Figure 3 , the lower r induces agents to both consume more and enjoy more leisure early in life. Moreover, on the extensive margin, since the lower r reduces the relative school. 36 For lack of better data, we assume that the evolution of the duration of unemployment spells follows the same pattern as the CBO long-term projection of the unemployment rate.
37 This is because, in the counterfactual economy, agents finance all of their post-retirement consumption from private funds, as opposed to a part of their old-age consumption being funded with Social Security benefits in the benchmark model. 38 The removal of Social Security mostly affects how agents fund their post-retirement consumption. That said, Social Security does not have a large effect on an agents incentives to work and therefore the effects on aggregate labor are second order. importance of leisure later in life, agents tend to retire at a later age in the counterfactual economy without Social Security.
Turning to the steady state welfare effects of Social Security, we find that agents would be willing to give up 12.9 percent of their per-period expected consumption in order to be born into the counterfactual economy without a program.
39 Although Social Security provides both inter-and intra-generational insurance, it reduces average steady state welfare for standard reasons. Namely, the payroll tax makes it harder for younger and low-wage agents to smooth consumption over their lifetime and to accumulate precautionary savings, and the progressive contribution-to-benefits formula further distorts agents' labor supply decisions.
Moreover, the program "crowds-out" private savings, thereby affecting the marginal products 39 Our estimates are on the upper end of the range estimated by other studies (see Hong and Rìos-Rull (2007) , Storesletten et al. (1998) , and Imrohoroglu et al. (2003) ) who report ex-ante welfare losses from the program between 3.7 percent and 12.9 percent. Our model estimates tend to be larger because, to our knowledge, our model is the first to simultaneously incorporate endogenous labor, endogenous retirement, and idiosyncratic labor productivity, unemployment, and mortality risks. With all of these features the direct distortions from the program are enhanced. of capital and labor in general equilibrium. Overall, we find that roughly half of the total estimated welfare loss can be explained by the direct effects of Social Security on agents'
decisions, while the remaining one third is due to general equilibrium effects.
40 Table 6 depicts the welfare losses due to Social Security for agents in various quintiles of the lifetime labor income, productivity, and wealth distributions. 41 As can be seen in the table, the ex-ante welfare losses due to Social Security typically range between 12 to 13.7 percent across the distribution, with the reduction in ex-ante welfare being the largest for the bottom two and the top quintiles. The bottom two quintiles of the distributions are particularly adversely affected by the payroll taxes. In contrast, agents in the upper end of the labor income, productivity, and wealth distributions are particularly adversely affected by the progressive scheme of the Social Security program which redistributes resources away from the top echelon of the distribution to other less fortunate agents.
Recessional Dynamics of Aggregates
This section studies the evolution of economic aggregates in the benchmark and counterfactual model along the transitional path. As described in Section 4, we model the Great 40 To isolate the effect of the direct distortions on agents' consumption-saving decisions, we conduct a partial equilibrium experiment in which we remove Social Security but hold prices at the levels of the baseline model with Social Security. We find that the welfare gained from removing the direct distortions from Social Security is 6.1 percent CEV, while the remaining 6.8 percent represents the additional welfare losses from Social Security due to the general equilibrium effects.
41 Productivity is measured as the lifetime average idiosyncratic productivity, and is comparable to a agent's average wage. Recession as one-time unexpected age-dependent depreciation shocks to household wealth, combined with persistent increase in the likelihood and duration of unemployment spells that vary by agents' age and ability. In order to confirm that these shocks filter though our model in a way that is broadly consistent with changes in the aggregate output, earnings and wealth over the Great Recession, Figure 4 compares the transitional dynamics of these aggregates in the benchmark model to their evolution in the data.
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As shown, output drops initially by about eight percent in both the model and the data in the first two years of the recession and then recovers modestly through the early stages Overall, although we model the Great Recession in a fairly parsimonious manner, we view the ability of the model to broadly match the evolution of household wealth and labor earnings-the main two channels through which the Great Recession affected individual households' welfare-as encouraging. As such, we believe our model to be well suited to 42 In the data, output, wealth, and labor earnings grow over time; we therefore base the comparisons on the de-trended data.
43 Appendix A.3 shows the transitional dynamics of the aggregate variables in both the benchmark and counterfactual economies.
44 See study the effects of the Great Recession on the agents' welfare.
Welfare Effects of Social Security Due to the Great Recession
Next we assess the role that Social Security plays in mitigating the welfare consequences of the Great Recession on average and also for agents of different ages, incomes, wealth and abilities. The experiment is conducted in two steps. First, in each model, we calculate the welfare lost (relative to the steady state) due to the exogenous wealth and unemployment shocks. We define the welfare lost due to the shocks as the constant fraction of per-period future expected consumption (measured as a percent of expected future consumption) that an agent would be willing to give up in order to not to live through the Great Recession (CEV). Second, in the spirit of a DiD estimation, we calculate the difference in welfare losses due to the shocks between the two economies. The difference in the welfare losses due to the Great Recession in each of the economies identifies the role that Social Security plays in either mitigating or exacerbating the effects of the shocks. Table 7 compares the average welfare losses due to the Great Recession for agents living at the time of the shocks in the benchmark and counterfactual economies. As shown, in the benchmark model, the Great Recession reduces average welfare for agents alive at the time of the shocks by an equivalent of 4.4 percent of their expected future consumption.
Average Welfare Effects of Social Security
In the counterfactual economy, the reduction in average welfare is much larger, estimated as the equivalent of 5.8 percent of expected future consumption. The resulting difference (1.4 percent) in average welfare losses from the Great Recession between the two economies suggests that Social Security mitigated a non-trivial amount of welfare losses from this recession. Note: "S.S. Welfare Effect" is the difference between the welfare losses due to the Great Recession in the benchmark (S.S.) and counterfactual (No S.S.) economies. A positive value implies a mitigation while a negative value implies an exacerbation of the losses.
Social Security affects the welfare consequences of the Great Recession through two competing channels. On one hand, Social Security mitigates some of the average welfare losses from the Great Recession by reducing agents' exposure to potential consumption losses caused by the declines in wealth and labor earnings. In the counterfactual model without Social Security, agents must fund all of their post-retirement consumption with savings which are exposed to the shock. In contrast, in the benchmark model, agents are less vulnerable to this shock because their post-retirement consumption is partially financed with Social Security benefits which, unlike private savings and labor earnings, are unaffected by the shock.
On the other hand, Social Security exacerbates welfare losses because the effects of payroll tax τ ss on household budget constraints are particularly painful in an environment where household wealth and earnings unexpectedly erode. On average, the positive welfare effect of the program dominates, meaning that Social Security mitigates the welfare losses due to the Great Recession. With this finding in mind, we next focus on two other questions of interest. First, we examine which age, income, wealth and ability groups benefit the most from the mitigating effects of Social Security during the Great Recession. Second, we ask whether the program exacerbates the welfare losses for any particular group. Table 8 Note: Repeats analysis in Table 7 by agents' age.
Welfare Effects of Social Security by Age
Turning first to agents who are younger at time of the shock, Figure 5 compares the average consumption, savings, and labor profiles in the benchmark and counterfactual economies for agents who never experience the Great Recession against the average profiles of agents who are 35 at the onset of the economic downturn. As can be seen in the figure, younger agents respond by increasing their labor supply very slightly upon impact but reducing their consumption for numerous periods following the shocks. However, the changes in the consumption, savings and labor profiles in each model are similar, suggesting that Social Note: The graphs plot the average life cycle profiles for agents who are 35 year of age at the time of the shock, and compare them to the average profiles of agents who never experience the shock in the benchmark (W/ S.S.) and the counterfactual (No S.S.) economies.
Security plays only a minor role in affecting the welfare consequences of the Great Recession for younger agents.
The small amount of additional welfare lost on average by younger agents during the Great Recession due to Social Security arises because the negative effect of payroll tax on agents' welfare during the Great Recession outweighs the positive insurance benefit that Social Security provides. In particular, the presence of payroll tax tightens budget constraints, making it more difficult for younger agents to smooth consumption and to partially self-insure against idiosyncratic productivity and unemployment shocks. At the same time, younger agents are less vulnerable to the wealth shock because they have not yet accumulated as large a fraction of their lifetime savings at the time of the shock and have many periods before retirement to offset the losses by working more. As such, the insurance provided by the Social Security benefit, which is unaffected by the shock, is relatively less important. Figure 6 repeats the analysis in Figure 5 for older agents who are age 62 at the time of the Note: The graphs plot the average life cycle profiles for agents who are 62 year of age at the time of the shock, and compare them to the average profiles of agents who never experience the shock in the benchmark (W/ S.S.) and the counterfactual (No S.S.) economies.
shock. In both models, agents respond to the shock with a large decrease in consumption which persist for numerous years; however, the effect of shock is relatively larger in the counterfactual model. Moreover, the age profile of labor supply shifts out between ages 62 and 70 in the counterfactual economy, indicating that older agents respond to the shocks by postponing retirement. Taken together, the larger response of consumption and labor in the counterfactual model suggests that Social Security effectively mitigates a large amount of the welfare losses from the Great Recession for agents between ages 50 and 70.
Social Security mitigates welfare losses for these agents because the insurance benefit provided by Social Security outweighs the negative effects of payroll taxation. The stream of post-retirement payments from Social Security, which is unaffected by the shocks, is more valuable for older agents relative to their younger counterparts for two reasons. First, older agents close to retirement have less time prior to their retirement to rebuild their wealth by increasing their labor supply. Second, since these older agents are closer to retirement, Note: The graphs capture the fraction of agents retired at a given age along the transitional path in the benchmark and counterfactual economies.
they hold a larger fraction of their total lifetime wealth (intended to finance post-retirement consumption) at the time of the shocks. As such, these agents are more vulnerable to the effects of the shocks. Moreover, the adverse effect of tighter budget constraints due to the payroll tax is relatively smaller for these agents since they tend to hold a large amount of wealth. impact, the fraction of retired agents across the spectrum of retirement ages drops noticeably and remains depressed for many periods, as without Social Security older working agents are more vulnerable to the shocks and are therefore are more willing to forgo leisure in order to partly rebuild lost wealth.
Finally, Figure 8 plots the average consumption and savings decisions for agents who are 80 at the time of the shock. While in both models old agents respond to the shocks by cutting consumptions sharply, the much larger drop in consumption in the model without Social Security highlights the important role played by Social Security in mitigating the welfare losses of the Great Recession for retired agents. In addition to the mitigating reasons discussed above, retired agents face an increasing mortality probability as they age. Therefore, in the benchmark model, Social Security benefits comprise a larger portion of consumption as agents age. Hence, Social Security plays an even larger role mitigating the welfare effects of the Great Recession for retired agents the older they are at the time of the shocks. Table 9 show the welfare losses due to the Great Recession in the benchmark and counterfactual economies by average lifetime wealth, average lifetime productivity, and average lifetime labor income, respectively. As before, the differences in the welfare losses across the groups identify the role that Social Security plays in either mitigating or exacerbating the welfare losses caused by the Great Recession.
Welfare Effects of Social Security by Income, Wealth, and Productivity
Overall, the results are similar for each of the distributions. While agents with greater lifetime wealth, incomes or productivity generally suffer relatively larger welfare losses due to the shocks in both models, Social Security generally mitigates a larger share of the welfare losses for lower ability, poorer, lower income, and lower productivity agents. 46 The program is more effective at mitigating welfare losses for these agents because, similar to older retired agents, Social Security benefits make up a larger portion of these agents' post-retirement consumption. Additionally, Social Security does not exacerbate the average welfare losses for any of these groups; it only mitigates. Overall, our results highlight the effectiveness of Social Security in mitigating welfare losses due to the shocks for some of the most vulnerable segments of the population without significantly exacerbating the losses for other, potentially less vulnerable groups. Note: Repeats analysis in Table 7 by agents' lifetime wealth, productivity, and income.
For completeness, Figure 9 examines the welfare losses by both age at the time of the shock and lifetime income. Panels A and B plot these welfare losses in the benchmark and counterfactual models, respectively. Panel C shows the effect of Social Security on welfare Note: Repeats analysis in Table 7 by both agents' age and lifetime income. Panel A captures welfare losses due to the Great Recession in the benchmark economy while Panel B captures the losses in the counterfactual economy. Panel C captures the welfare effect of Social Security.
losses due to the Great Recession.
47 As before, Panel C demonstrates that (i) Social Security slightly exacerbates the average welfare losses for agents who are younger at the time of the shocks, (ii) moderately mitigates the average welfare losses for agents who are near retirement at the time of the shocks, and (iii) strongly mitigates for retirement-age agents. Moreover, while the size of the mitigating or exacerbating effects is roughly the same irrespective of agents' income for younger agents, Social Security mitigates an especially large amount of welfare losses for older agents who are at the bottom of the lifetime income distribution.
48
47 The effect of Social Security is determined by differencing the welfare losses due to the shocks in the benchmark and counterfactual economies (shown in Panels A and B).
48 A similar qualitative pattern exists if one examines the welfare losses between age and productivity or wealth. 
The Effect of the Payroll Tax
Up to this point, our analysis has maintained the assumption that payroll tax rate τ ss is fixed at its steady state level along the transitional path. In this section, we relax this assumption and compare the baseline results to two other experiments. First, we determine the welfare effects of Social Security in an economy where Social Security follows a strict PAYGO rule so that the program's budget is balanced in every period along the transitional path.
49 Figure 5 .4 compares the evolution of τ ss along the transitional paths. Not surprisingly, when Social Security is required to be balanced budget, τ ss rises during the Great Recession to make up for the loss in tax revenue due to the business cycle shock. Second, in the spirit of the U.S. experience during the Great Recession, we examine the effects of Social Security in an economy where the payroll tax is cut in half for the first few years after the recession begins (shown in Figure 5 .4. Table 10 compares the effect of the Social Security program in mitigating or exacerbating the welfare losses of the Great Recession under the three different payroll tax scenarios.
As illustrated, Social Security mitigates the welfare losses from the Great Recession for older agents (age 50+) by roughly the same amount irrespective of the payroll tax scenario.
However, for younger agents, the exacerbating effect of Social Security varies with the payroll tax scenario. In a PAYGO setting where τ ss rises in response to the business cycle, Social Security exacerbates welfare losses from the Great Recession by a larger amount than the benchmark economy where τ ss is held constant along the transition, largely because the adverse effect of payroll taxation on the welfare of younger individuals is amplified by the increase in the payroll tax during the Great Recession. In contrast, when τ ss is cut in half in response to the shocks, Social Security has virtually no exacerbating effect on the welfare losses from the Great Recession, due to the attenuating effect of lower τ ss relative to the benchmark model. Table 11 repeats the analysis by quintiles of the lifetime productivity distribution. Similarly to our previous results, the mitigating effect of Social Security is the strongest when payroll taxes are cut. Taken together, our results suggest that payroll tax policies adopted during economic downturns can either enhance or diminish the effectiveness of Social Security in mitigating or exacerbating effects from business cycle episodes. Note: "S.S. Welfare Effect" captures the differences between the welfare losses due to the Great Recession in the benchmark (S.S.) and counterfactual (No S.S.) economies.
Alternative Insurance Programs
Overall, we find that the stylized U.S. Social Security program mitigates an economically significant amount of the welfare losses due to the Great Recession. Moreover, it is effective at mitigating these losses for groups that may be particularly vulnerable, such as older and poorer agents. However, the program does have some undesirable consequences. In particular, it causes a substantial reduction in welfare in the steady state, and also slightly exacerbates the welfare losses due to the Great Recession for agents who are younger at the time of the shocks. Therefore, we study the effectiveness of a smaller scale program in mitigating welfare losses due to the shocks, and weigh it against the long-term welfare implications of such program. In the spirit of the Supplemental Security Income (SSI) program, we replace the benchmark Social Security with an alternative old-age income insurance pro- Note: "S.S. Welfare Effect" captures the differences between the welfare losses due to the Great Recession in the benchmark (S.S.) and counterfactual (No S.S.) economies.
gram that is means-tested. In this alternative program, instead of benefits being linked to an agent's labor earnings history, benefits are set at 15 percent of the average economy-wide labor income. 50 Additionally, the SSI program is means-tested; retired agents only receive these benefits if they hold no assets.
51 Similar to the model with Social Security, the payroll tax used to fund SSI is determined such that the budget for SSI is balanced in each period.
We begin by determining the ex-ante welfare effects of SSI in the steady state. We find that the average welfare lost from SSI in the steady state is the equivalent of 1.2 percent of expected lifetime consumption. Similar to Social Security, we find that SSI distorts labor and savings decisions. However, because SSI is a smaller program that is more targeted towards lower income agents, the distortions on the labor and savings decisions for most agents will be smaller. Because of the smaller distortions, the ex-ante welfare losses in steady state from SSI are less than 10 percent as large as those from Social Security. Note: "S.S. Welfare Effect" captures the differences between the welfare losses due to the Great Recession in the benchmark (S.S.) and counterfactual (No S.S.) economies. "SSI Welfare Effect" captures the differences between the welfare losses in the economy with SSI and the counterfactual economy (No S.S.). A positive value implies a mitigation while a negative value implies an exacerbation of the losses. 50 These replacement rates generally line up with the estimated rates in Bruan et al. (2013) and Kopecky and Koreshkova (2013) . For comparison, Social Security replaces approximately 40 percent of average earnings in the U.S. economy (see Rettenmaier and Saving (2006) ).
51 In the U.S., the means-testing is somewhat less restrictive; however, setting the wealth cutoff at zero captures the nature of a means-tested program.
Turning to the effect of the program on welfare losses due to the Great Recession, the first three rows of Table 12 presents the average welfare losses for agents living at the time of the shocks in the models with Social Security, SSI, an no retirement insurance program, respectively. The fourth and fifth rows describe the role that each Social Security and SSI play in mitigating the welfare losses due to the Great Recession. We find that, on average for living agents, SSI mitigates welfare losses due to the Great Recession by the equivalent of 0.7 percent of expected future consumption. Compared to Social Security, we find that even though SSI causes less than 10 percent of the welfare losses in the steady state, it is still approximately 50 percent as effective at mitigating the welfare losses from the Great Recession as Social Security. Therefore, the more targeted SSI program is relatively more effective at mitigating the effects of the Great Recession while minimizing long-run, steady state welfare losses.
Next, we compare the welfare effects of both programs for agents of different lifetime income levels and ages at the time of the shock (see Tables 13 and 14 ) . Focusing on Table   13 , similar to Social Security, SSI on average mitigates a large amount of the welfare losses due to the Great Recession for agents who are retired at the time of the shock. However, SSI has virtually no welfare effects on agents who are under age 70 at the time of the shock. The smaller effects on these agents are caused by SSI being a scaled down, more targeted program. Table 14 presents the welfare effects of each of the programs by lifetime productivity. Similar to Social Security, SSI tends to mitigate a larger amount of the welfare losses for lower productivity agents. However, the mitigating effects of SSI are even more skewed toward lower agents because agents only receive SSI benefits if they have no savings.
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Taken as a whole, these results indicate since SSI is a smaller, more focused program, the costs are smaller but the benefits are more concentrated on older and lower productivity agents. Note: Repeats analysis in Table 12 by agents' age. Table 12 by agents' lifetime income.
Conclusion
This paper quantifies the ability of Social Security to mitigate the welfare losses due to the Great Recession. There are two competing channels by which Social Security primarily affects the welfare implications of the Great Recession. On one hand, Social Security lessens the welfare losses by reducing agents' exposure to the wealth shock. On another hand, the distortions from the payroll tax (used to fund Social Security) are enhanced during the Great Recession when agents tend to face tighter budgets constraints. We find that, on balance, the former channel dominates. In particular, Social Security mitigates the average welfare losses for agents alive at the time of the Great Recession by the equivalent of 1.4 percent of expected future lifetime consumption.
Given that the relative strengths of these two channels may vary across agents, we also examine the welfare losses by age, income, wealth, and ability groups. We find that Social Security is particularly effective at mitigating the welfare effects of the Great Recession for agents who are poorer, less productive, lower ability, or older at the time of the shock. Moreover, we find that younger agents are the only group for which Social Security exacerbates the welfare losses due to the Great Recession. However, the exacerbating effect on these agents is small and a majority of it is eliminated if payroll taxes do not endogenously increase in response to macroeconomic conditions. The ability of Social Security to mitigate welfare losses for some of the most vulnerable demographic groups, without significantly exacerbating the welfare consequences of the shock for other agents, indicates that this program is a particularly effective at providing insurance for these types of shocks.
Despite the fact that Social Security effectively mitigates the welfare effects of the Great Recession for many potentially vulnerable agents, the welfare consequences of Social Security in the steady state are quite large compared to the mitigating benefits provided by the program during this type of a business cycle episode. Therefore, we also explore the welfare implications of a more targeted program. In particular, we examine the welfare implications of a means-tested program, such as SSI, in which the benefits that agents receive are both smaller and unrelated to their individual lifetime income. Although we find that this smaller-scale program only mitigates the equivalent of 0.7 percent of expected future lifetime consumption for agents alive at the time of the shock (relative to 1.4 percent for the full-fledged Social Security program), the ex-ante welfare costs in the steady state are significantly reduced (1.2 percent versus 12.9 percent CEV). These results indicate that there is some scope for an adjustment of the Social Security program so that it effectively mitigates the welfare effects of large, adverse swing in economic activity for vulnerable agents, with much lower average long-run welfare costs. However, generally, when developing such programs, policy makers will still face a tradeoff between the coverage of the population for which the program mitigates the welfare effects of an adverse business cycle episode and the long-run welfare costs of such program. Figure 11 compares the percent changes in economic aggregates in the benchmark and counterfactual models over the transitional path. Capital initially decreases by approximately twenty percent in both models by construction, and then gradually returns to the steady state values over thirty years. Consumption, wages, and output drop by approximately ten percent in both models and take approximately twenty five years to converge back to the original steady state levels. Notably, the return to capital increases more in response to the shock in the counterfactual model where, due to the absence of Social Security, the relative size of the capital stock is larger. Figure 12 examines the impact of Social Security on the welfare of agents who enter the economy after the shock. Panel A plots the welfare lost due to the Great Recession for these agents in the model with and without Social Security. Panel B captures the differences between the welfare losses due to the Great Recession between the two economies. Generally, the welfare losses are very similar, signifying that Social Security plays a minor role in either mitigating or exacerbating the effects of the Great Recession for future generations, with the small differences due to general equilibrium effects. Note: Repeats analysis in Table 7 for future generations. Panel A captures the welfare loss to the Great Recession in the benchmark (S.S.) and counterfactual (No S.S.) economies. Panel B captures the differences between the welfare losses due to the Great Recession between the two economies.
A.3 Transitional Dynamics
A.4 Welfare Effects of Social Security for Future Generations
